Abstract-There are a lot of interference sources in the system of the arc welding inverter power. In this paper, a small-signal model which was built by the method of statespace average was quoted. A control system which comprised an interference of load resistance and an interference of power supply fluctuation was built. A H 2 /H∞ state -feedback controller was designed in the method of LMI. The simulation indicated the result, which the interference of power was measured by H 2 norm so that the output of the system was influenced weakly, and the interference of arc load was measured by H∞ norm so that the system was robust.
I. INTRODUCTION
The arc welding inverter power is a new power source, it is integrated by electric power and electronic. Arc welding machines are widely used in welding industries. With the development of power electronic technology, inverter arc welding machines are gradually becoming the maim stream products due to their inherent advantages such as small volume, light weight, high efficiency, fast dynamic respond and excellent welding performance, as in [1] [2] . Dynamic characteristics of an inverter arc welding power supply are its output voltage and current's response process when its arc load's status has a sudden change, as in [3] . The parameters of the dynamic characteristics can reflect its adaptation ability to arc load's change, which has important influences on arc ignition, welding process' stability and spatter. The dynamic characteristics' studies of inverter arc welding power supply were usually based on experiments, as in [4] , which is just the verifications of dynamic characteristics and is lack of guidance on the inverter arc welding power supply design process.
Half-bridge circuit is adopted in our study on the inverter arc welding power supply. Small-signal model of the half-bridge arc welding inverter shown as Fig.2 was established in reference, as in [5] , and its double-loop control system was designed based on the small-signal model in reference, as in [6] . The small-signal model can reflect the stability of the welding process, as in [7] Modern control theories were not only studied and developed in control theory field, but also they were applied successfully in control engineering. The arc welding inverter power is a new power source, it is integrated by electric power and electronic. At present, some control theories were applied in the inverter, such as output feedback of single closed-loop, state feedback of double closed-loop control, multivariable state feedback control, deadbeat control, sliding mode variable structure control, repetitive control, neural net control, internal mold model control and expert control [7~13] . The matter with model uncertainty was solved in some degree. Steady-state capability of system was aimed with the method of H∞ robust control in [13] , but it was limited because the dynamic change of system was not considered. The dynamic performance was considered in LQG controller, and performance index of system were speedy and the smallest energy. Therefore, the H 2 /H∞ controller of control system was applied widely and developed rapidly.
In this paper, the two disturbances in the arc welding inverter power were considered. The H 2 /H ∞ robust controller was designed with LMI. The disturbance from power was measured by H 2 norm, the other disturbance from arc load change was measured by H∞ norm. The system was robust.
II.THE ARC WELDING INVERTER POWER AND ITS MODEL

A．Introduction of Arc Welding Inverter Power System
The fundamental structure block diagram of the arc welding inverter power is followed in figure1..
Inverter power supply system mainly consists of power systems and electronic control system. Power system which also is the main circuit consist of the input circuits, the inverter circuit and the output circuit, etc. The input circuits include the input rectifier and the filter ，The rectifier is bridge rectifier. The filter is the capacitor. The inverter circuit which consists of electronic power switching device and inverter step-down transformer, etc is the core of the arc welding inverter power，The output circuits include the rectifier and the filter circuits。The electronic control system include the detection circuit, the controller and the drive circuit. The detection circuit measure the control quality of controlled object, for example the voltage and current of the arc load. The error is obtained after the determination value and the given signal comparison. The controller complete some control algorithm and output the control signal. The driving circuit output the driver pulse and control the electronic power switch . The circuit of the arc welding inverter is followed in figure2.Simple model of the main circuit is followed in figure3.The main circuit is the full bridge rectification, the DC U d is from rectifier circuit of input. It is inverted by a half bridge inverter, and it is reduced by a high frequency impulse transformer, and it is rectified by the quick-acting diode, and it is filtered by output inductor. At last, the output is the welding voltage. R a is resistance of arc load.
Simple model of the main circuit
B. Established Arc Welding Inverter Power System Model
The arc welding inverter power system model is established in method of the state space average. [7] . The conduction time of switch tube is assumed as 't on ', 'T' is the cycle of pulse which is from the output voltage of inverter, and the duty ratio is described by: D=t on /T， 0 0.5 D   ，The process of the circuit work in one cycle includes four stages:
，VT1 is turned on，VT2 is turned off:
，VT1 and VT2 are turned off: (3) and (4) is averaged in one cycle, and the averaged model is established. as:
Equation (5) is added to the relative disturbances, namely order:
These equations are substituted into equation (5), Ignoring the higher-order and small-signal items, a lowfrequency and small-signal model is built in time domain: (6) is transformed in LaplaceA low-frequency and small-signal model is built [1] :
According to Eq.(7), Block diagram of system model is showed in figure4.C. The Output Characteristics of Arc Welding Inverter Power in original
Controlling output characteristics and dynamic characteristics is based on the characteristics in original. So that it is necessary for us to research the output characteristics in original of Arc Welding Inverter Power. The characteristics in original is output characteristics of power source in condition that the time ratio of on-off electronic power switch is unchanged and system have not feedback control. The output characteristics of arc welding inverter power in original are showed in figure5. In figure 5 , three lines are different in duty ratio. The relationship of these duty ratio is described as :Dl>D2>D3 ， They are corresponding with the characteristic lines each. Duty ratio is bigger, the characteristic line is higher, and the value of Udi  is bigger, and the output energy of power is bigger.
The output characteristics are nature of arc welding inverter power. They are dependent on the impedance of power in internal and level of production of power. In figure5, the voltage drops down quickly with the current increase in area A where the current is small. The reason lies in that the current is small and fluctuation of current is bigger and when duty ratio is small. The voltage drop in power internal is bigger; the voltage of output is less. Because the power system works unstable in area A, we must apply it avoiding the area. The current is bigger and more stable in area B. Fluctuation of current is smaller, the voltage drop in power internal is smaller. The slopes of every characteristic line are equal. The slope of output voltage drop is dependant on the equivalent resistance in power internal. In usual conditions, the work process of arc welding inverter power includes generating of arc, arcing and no-load which are in the area B.
D. External Characteristic Control
External characteristic which also is the output characteristic in fact of arc welding inverter power with feedback control is obtained in application of pulsewidth modulation. External characteristic of arc welding inverter power is different in welding method and control method. In this paper, the shielded metal arc welding (SMAW) is discussed. Its external characteristic is constant current source. The constant current external characteristic of arc welding inverter power is showed in figure 6 . In figure 6 , Lines I,II are the curves of static output characteristic of arc welding inverter power .Lines 1,2 are the curves of natural output characteristic of arc welding inverter power. Point A which is the intersection of static characteristic and natural characteristic is assumed as the start work point of arc welding inverter power system. Its welding current is I 2 .Because of influence of some factor, length of arc is enlarged. The static characteristic of power will become the curve II. If the duty ratio is unchanged, and the power still works in the curve 1 of natural characteristic, the work point of arc welding inverter power will be the point B. The welding current is described as:I 1 <I 2 ，Apparently, it can not be compliant with requirement of the constant current. The current feedback control is adopted in the control of arc welding inverter power, PWM is adjusted in according to the changes of the welding current, and the duty ratio can be adjust in real-time. So that the power will work in the curve 2. The point of intersection of the cure2 and the static characteristic curve II will become the point of A', and the welding current will be still I 2 ，and the constant-current control will be realized.
III. CONTROLLER OF THE ARC WELDING INVERTER POWER SYSTEM DESIGNED
A. Descriptive Problem
In figure7, P(s) is the control system, K(s) is state variables feedback, w is the disturbance, z is output which will be regulated. State equation of\control system P(s) is expressed as [14] : (8) .
Question (9) are the LMI constraints, and they are also the convex optimization of a linear objective function. They can be solved by optimizer mincx in LMI toolbox.
B. H 2 /H ∞ Controller Designed and Simulation
Parameter of the arc welding power is selected: d U is output voltage which is from three phase rectifier, According to system block in figure 3 , the model of the arc welding power is arrived in Eq(4): The variation is named disturbanceˆd u , which is demanded that it will take effects on the output energy least., the influence is measured by norm H 2 . The variable
Figure7 H 2 /H∞ control ˆa r of arc load is the most important disturbance source, its influence to system is asymptotically stable, the influence is measured by norm H∞. Step Response
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Step response of disturbance ˆa r is as shown in figure 7 ,
Output of system will be steady before 6 3.2 10 s   , it proves that system for arc load change is robust. By contrast of figure(a) and figure(b), we find that system takes into account both performance of H 2 and H∞, but it will lose the performance of robust.
Step response of disturbanceˆd u is as shown in figure 8.
The output variable of H 2 /H∞ controller is 0.0006418, so it is better than H 2 controller. When system is added to the disturbance of the input voltage, its output energy will be the least.
Simulation system is built in application of Toolbox of MATLAB /Simulink. Reference input is assumed as unit- 
C. Simulation of the characteristics
Based on equation (5), Block of Simulink is built in figure 10 ., The output voltage of system is showed in figure 11 , and the output current of system is showed in figure 12 . Step Response
Time (sec) Amplitude Figure 12 Wave shape of the output current IV. CONCLUSION Load variation and power disturbance are the important disturbance source in the arc welding inverter power system. In section III, H 2 /H ∞ state feedback controller is designed by LMI method .MATLAB simulation illustrate that output of system is interfered least by disturbance of power, and it is robust for disturbance of load variation. 
